INTRODUCTION

Zuo et al., 2015) providing another example of a biotrophic pathogen defense mechanism 130
hijacked by a specialized necrotrophic fungus. Our knowledge on whether and how broad 131 host range necrotrophic fungi manipulate plant programmed cell death remains 132 nevertheless limited. 133
134
The analysis of HR-deficient Arabidopsis thaliana mutants suggested that the broad host 135 range necrotrophic fungi S. sclerotiorum and Botrytis cinerea can benefit from HR cell death 136 (Govrin and Levine, 2000) . Similarly, inactivation of the BIK1 kinase enhances A. thaliana 137 resistance to avirulent bacterial pathogens but increases susceptibility to B. cinerea and 138
Alternaria brassicicola (Veronese et al., 2006) . Several molecules secreted by broad host 139 range necrotrophic fungi trigger cell death in plants. Examples Evidence for broad host range necrotrophic fungi exploiting cell death induced by typical 150 plant R genes has not been reported to date. 151
152
In this work, we show that the A. thaliana NLR gene LAZ5 (At5g44870), but not its close 153 relative CSA1, confers susceptibility to S. sclerotiorum. For this, we designed a real-time 154 automated disease phenotyping tool and precisely assessed the kinetics of disease caused 155 by seven S. sclerotiorum strains on six A. thaliana natural accessions. We found that the 156 speed of lesion growth was highly dependent on the host plant genotype and a good 157 indicator of QDR level. We hypothesized that large effect polymorphisms common to the 158 two most resistant A. thaliana accessions, but absent from the four other accessions, would 159 point towards disease susceptibility genes. We identified highly divergent alleles of LAZ5 in 160 the resistant accessions Rubenzhnoe and Lip-0, while identical alleles existed in the other A. 161 thaliana accessions analyzed. As expected, two LAZ5-deficient mutant lines in the Col-0 162 genetic background showed enhanced QDR to S. sclerotiorum, whereas plants mutated in 163 the closely related CSA1 gene responded like the wild type. Considering that the ectopic 164 activation of LAZ5 triggers cell death (Palma et al., 2010) , our results suggest that the broad 165 host range necrotrophic fungus S. sclerotiorum exploits this R-gene induced plant cell death 166 to its benefit. 167
168
RESULTS
169
Quantification of disease resistance to S. sclerotiorum by automated real-time image 170 analysis 171
To generate massive, quantitative and kinetic measurements of disease caused by S. 172 sclerotiorum, we designed mobile imaging cabinets (Navigable automatized phytotron, 173 Navautron) and the associated automatized image analysis pipeline for detached leaves (Fig.  174   1A) . A single Navautron allows imaging simultaneously up to 24 whole A. thaliana plants or 175 120 detached A. thaliana leaves. A typical phenotyping session of detached leaves 176 inoculated by S. sclerotiorum involves automated imaging every 10 minutes over three days, 177 the automated recognition of disease lesions on individual leaves, yielding a total of >10 6 178 lesion measurements with almost no human intervention. 179
We quantified the area of necrotic lesions caused by seven isolates of S. sclerotiorum (Badet 180 et al., 2017a) on detached leaves from six natural accessions of A. thaliana (Fig. 1B) . We 181 distinguished three major phases along the kinetics of lesions development: (i) a latency 182 phase, during which no necrotic lesion was detected, (ii) a spreading phase, during which the 183 area of necrotic lesions grew exponentially, and (iii) an asymptotic phase, when lesions have 184 reached the border of leaves (Fig. 1C) . The overall kinetics are therefore depicted by a 185 logistic function. The asymptotic phase was dependent only on leaf size and did not provide 186 information on disease progression. In the 42 interactions tested, the duration of the latency 187 phase and the speed of lesion size increase during the spreading phase were independent 188 (R 2 = 0.07). The duration of the latency phase was mainly dependent on S. sclerotiorum 189
) with a significant but weaker effect of plant genotype (p=2.95 10 -4
). 190
This suggested that the latency phase was primarily determined by fungal strains virulence. 
Grouping of plant and fungal genotypes according to QDR phenotypes 202
Necrotic disease lesions were detected after a latency phase of 1 to 1.5 days in average 
genotype. 213
The average LDT ranged between 3.08 and 4.24 hours, corresponding to log(LDT) of 5.22 to 214 5.54 (Fig 2.B) , mostly determined by A. thaliana genotypes. Post hoc pairwise t tests with 215
Benjamini-Hochberg p-value correction (Benjamini and Hochberg, 1995) revealed three 216 groups of resistance (Fig. 2B) . was mostly dependent on A. thaliana accessions (X-axis), ranked from the most (Lip-0) to the least resistant (Rld-2). LDT was measured n=118 to 158 times on each accession. Letters and colors indicate groups of significance determined by post hoc pairwise t tests.
Identification of candidate susceptibility genes in A. thaliana by an association approach 230
We hypothesized that enhanced QDR in Lip-0 and Rub accessions could result from 231 disruptive mutations in susceptibility genes. To rapidly pinpoint such candidate susceptibility 232 genes, we screened the genome of A. thaliana for genes harboring non synonymous 233 mutations both in Lip-0 and Rub accessions but not in any of the other four accessions 234 analyzed (Nok-1, Col-0, Sha and Rld-2) (Fig. 3A) . (Fig. 3B) . Three genes harbored at least four non-synonymous SNPs in Lip-0 and 241
Rub but not any non synonymous SNP in Nok-1, Sha or Rld-2 (Fig. 3C, Table 1 ). This includes 242 2010). Consistent with our previous measurements (Fig 2) , the average Log(LDT) was 5.35 on 280
Col-0, similar to the Log(LDT) on the csa1-2 mutant (Student's t-test p-value= 0.68) (Fig 4B) . 281
The laz5-1 and laz5-3 mutants had an average Log(LDT) of 5.5 and 5.44, significantly higher 282 than Col-0 (p-value= 1.3e -05 and 0.01 respectively). This represented a 16% gain of 283 quantitative disease resistance in the laz5 mutants compared to wild type. The automated 284 analysis of 74 to 104 plants per genotype thanks to the Navautron setup allowed assessing 285 this quantitative variation robustly. In agreement with our previous measurements (Fig 2) , 286 the Lip-0 accession showed an average Log 10 (LDT) of 5.7, significantly higher than the laz5 287 mutants (p-value = 3.0e -07 and 1.6e -10 ). We conclude that disruption of the LAZ5 gene 288 contributes to the enhanced quantitative disease resistance against S. sclerotiorum 289 measured in Lip-0 and Rub accessions compared to Col-0. This identifies LAZ5 as a TIR-NBS-290 LRR gene conferring susceptibility to S. sclerotiorum through its Col-0 allele. 291 
